Nickel is an essential trace element for plants, but excessive Ni levels in the soil can result in toxicity to plants. The aim of this research was to examine the effect of Ni on shoots dry matter (SDM), roots dry matter (RDM) and on Ni concentrations in SDM (Ni-SDM) of mojito and lavender plants. A completely randomized block design with five treatments (0, 5, 10, 20 and 40 mg Ni L -1 ) and five replications for each treatment and plant species was conducted in pot experiments. Nickel was applied to the pot medium as NiCl 2 6H 2 O. No visible toxic or inhibitory symptoms were observed on the plants due to the increasing rates of Ni applications. The SDM and RDM were not affected by Ni in the studied plants. Ni-SDM of mojito and lavender raised with increasing rates of Ni above 20 and 10 mg Ni L -1 , respectively.
Introduction
Nickel (Ni) occurs abundantly in igneous rocks as a free metal or as a complex along with iron. It stands at twenty-second position amongst the most abundant elements in the Earth crust (Sunderman and Oskarsson, 1991) . Additionally, anthropogenic activities release Ni into the soil through various sources such as smelting, burning of fossil fuel, vehicle emissions, disposal of house hold waste, municipal and industrial wastes, metal mining, fertilizer application, and or ga nic manures (Alloway 1995) . During the last decades, Ni has become a serious concern as its concentration has reached up to 26,000 mg kg -1 in polluted soils (Alloway 1995; McGrath 1995) and 0.2 mg L -1 in polluted surface waters (Zwolsman and Van Bokhoven, 2007) . Nickel is an essential trace element for plants, but excessive Ni levels in the soil can result in toxicity to plants. The common indicators of Ni phytotoxicity include inhibition of germination, leaf spotting, chlorosis, abnormal flower shape, reduced growth of roots and shoots, deformation of plant parts, poor branching, and decreased yield. The toxicity of Ni in plants has become a world-wide problem threatening sustainable agriculture as well. The critical toxicity level of Ni is more than 10 mg kg -1 DW in sensitive species (Kozlow, 2005) , 50 mg kg -1 DW in moderately tolerant species and 1,000 mg kg -1 DM in Ni hyper accumulator plants such as Alyssum and Thalspi species (Kupper et al., 2001; Pollard et al., 2002) . The impact of Ni toxicity on the physiology of plants depends on the type of plant species, growth stage, cultivation conditions, Ni concentration and exposure time (Kabata-Pendias and Pendias, 2001) in the soil. More information on Ni levels in plant tissues that are consumed by mammals, and their effect on plant growth, is required. Several medicinal and culinary plants manifest a tendency to take up high amounts of heavy metals therefore we studied Mentha × villosa (Lamiaceae) which is an aromatic and medicinal plant rich in essential oils (Alaize de Martins et al., 2007) and Lavandula angustifolia (Lamiaceae) a native Mediterranean small shrub with aromatic leaves, flowers attractive characteristics and also rich in essential oils (Lauren et al., 2016) . Both spices are used in cosmetics, hygiene products, and traditional medicines. Mojito (Mentha x villosa) and lavender (Lavandula angustifolia) are medicinal and culinary herbs and up till now we have little information regarding their response to increasing concentration of Ni in the soil. Consequently the objectives of this research were to examine the effect of Ni on dry matter (DM) and Ni concentrations in the shoots of mojito and lavender.
Materials and methods
Pot experiments in a completely randomized block design with five treatments (0, 5, 10, 20 and 40 mg Ni L -1 ) and five replications for each treatment and plant species (50 pots totally for each plant) were conducted under greenhouse conditions at the Technological Education Institute of Western Greece in order to study the effects of Ni on shoots (leaves+stems) and roots dry matter, and on the concentration of Ni in shoots of Mojito (Mentha × villosa) and lavender (Lavandula angustifolia). The duration of the experiments was four months. For the experiments, seeds of mojito were sown in palettes of 20 compartments. After four weeks the plants were transplanted to the experimental pots (made of black plastic, 14 cm in diameter and 0.5 L volume) filled with a substrate of peat-perlite 1:1 (v/v) with pH=5.6, organic matter content 90% -95% and Electrical Conductivity 0.3 S m -1 . Nickel was applied as NiCl 2 6H 2 O twice a week with 25 ml of each treatment per pot for five weeks (total 250 ml per pot of each treatment for the whole cultivation period, i.e. 25.3 mg Ni, 50.6 mg Ni, 101.2 mg Ni and 202.5 mg Ni for 5 mg Ni L -1 , 10 mg Ni L -1 , 20 mg Ni L -1 and 40 mg Ni L -1 , respectively). Fertilization was performed approximately every two weeks, using a commercial fertilizer (Nutrileaf-60) with 2 mg N, 2 mg P 2 O 5 , and 2 mg K 2 O for each pot (the content of Ni in the fertilizer was negligible). At the end of the experiment, leaves, stems and roots were harvested and oven-dried at 50 °C to constant weight, ground in a stainless steel Wiley mill and passed through a 250 μm plastic sieve, 0.5 g of plant parts smaller than 250 μm in diameter from each pot were placed in beakers and ashed at 450 °C. The residue was dissolved in 5 ml of 6N HCl. The clear solutions were analyzed by ICP-OES (Thermo Scientific iCAP 6000). ANOVAs were calculated using STATISTICA TM Ver. 8.0 (StatSoft 2008). Where a significant difference was found, the Duncan's Multiple Range Test at the 5% level of probability was used to compare individual treatment means.
Results and Discussion
No visible toxic or inhibitory symptoms were observed on the plants due to the increasing rates of Ni treatments. Results indicated that SDM and RDM were not affected by Ni in the studied plants ( Tab. 1 and 2) . Ni-SDM of mojito and lavender raised with increasing rates of Ni above 20 and 10 mg Ni L -1 , respectively (Tab. 1 and 2). Nickel uptake by shoots of mojito grown in an acid medium is approximately five times greater than the Ni uptake by mojito grown in a neutral medium (Tab. 1 and 2). These values of Ni are greater than the amounts of Ni added in the medium indicating that mojito is a nickel accumulator when grown in an acid medium, but more research is needed on this aspect.
Conclusions
No visible toxic or inhibitory symptoms were observed on the plants due to the increasing rates of Ni applied. Results indicated that the SDM and RDM were not affected by Ni in the studied plants. Ni-SDM of mojito and lavender raised with applying increasing rates of Ni above 20 and 10 mg Ni L -1 , respectively. Mojito is possibly a Ni accumulator when grown on acid substrate. 
